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About me

= Prof. Dr. Friedrich Fraundorfer

» Email: fraundorfer@icg.tugraz.at

» Institut fir Maschinelles Sehen und Darstellen
» Inffeldgasse 16/l

= +43(316) 873 - 5020

= Consultation hours after email-appointment




Course schedule

14 lecture slots
= Tuesdays, 14:30-16:00, lecture room i1l
s Pre-recorded lectures from 2021 are additionally available

Course grade
= Exams multiple times per term (written and oral exams offered)
= Main exam at the end of the semester will be written

Accompanied by practical

Lecture webpage

o


https://www.tugraz.at/institute/icg/teaching/coursepages/710088-robotvision/

Practical

= Practical consists of 3 programming assignments
= Groups of 2 students -> group enrollmentin TC
= Programming in C/C++ and OpenCV and Python

=  Assignments:
= Camera calibration and stereo
= Feature matching and epipolar geometry
= Deep learning for depth estimation

= Deliverables (submitted via TC):
s Source code
s Report (PDF)



Lecture material

= Slides will be made available on the web-page
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Classroom activity

What is robot vision?

What do you think you will learn about?



Cameras for safe navigation
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[Image credit: NASA (public domain}]



Cameras for safe navigation




Cameras for safe navigation
e




Perseverance and Ingenuity

= Landed on 18" February 2021

ANTENNAS
BLADES Al 2020 tovet A £ Mars ritare,
Made of carbon fiber
foam core provide lift

in the thin Mars
atmosphere.

SOLAR PANEL

A solar panel helps keep
the battery charged.

AVIONICS & BODY

Its avionics — or "brains" —
help the helicopter

BATTERIES

Batteries help power the

helicopter. function and navigate. The

body has insulation and
heaters to keep sensitive
electronics warm and
survive cold Martian nights.

I_EGS Sensors collect data on how fast the

helicopter is traveling and in which
Ultra-light legs made of direction. Cameras help the helicopter
carbon fiber tubes help see.

it land after flight.

[Image credit: NASA (public domain)] 10



Self driving cars

Right Carnera

Front Camera ir— ' | Left Camera




Self driving cars

[Image credit: Mapilliary] 12




Robotic grasping & household robotics

[Image credit: Andy Zeng MIT]




Robotic Grasping

Real-Time Camera Input: Foreground / Background Segmentation
AL

G
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Predicted Grasping Point: Graspable Object / Obstacle Segmentation:

Example: Six different logs distributed over three height-levels
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Flying robots

GPS Module P (5x) Stereo Camera +
Distance Sensor

Onboard Computer
- Quad-code ARM Processor
- NVIDIA Kepler GPU

©_0ef
: i’ DJI M100 Autopilot Board
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Gimbal and Camera
(DJI Zenmuse X3)
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INQ robots




INQ robots

rviz_config.rviz* - RViz

| ™ Interact | %6 Move Camera Select < FocusCamera mm Measure @ PublishPoint o

mipelodom

© Time

ROS Time: 3029.39  ROS Elapsed: |626.10 wall Time: }68174029.48 | Wall Elapsed: |626.10 Experimental

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 10 fps 4X1.86RZ 1.8618% Z016-07-10 ZUTu/7eY
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Lecture topics

= Projective geometry
» Image formation and camera calibration

= Geometric algorithms (Fundamental matrix, Essential Matrix,
Triangulation)

= Robust estimation (Ransac)

» Features and matching

= SiM

= Bundle adjustment

= Stereo matching

= Multi-View Stereo

= Deep learning for monocular depth estimation
= Depth cameras
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Projective geometry: Measuring in images

[Source: KITTI]
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Projective - Measuring in images




Image formation and camera calibration

Cz

Cy

Cx

X1
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Geometric algorithms

0 ... Epipolar constraint

X world point
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Robust estimation

Ransac — Random sample consensus
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Feature detection and matching
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Structure-from-Motion (SfM) concept
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Bundle adjustment
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Stereo matching

Left View Right View Disparity image
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Multi-View Stereo

Input Images

Image Pre-
processing

Depth Map

¥

Pre-processed Images

Deep Feature
Extraction

Depth Inference

Y

Filtering +

Regularized Cost
Volume

Feature Volumes

Cost Volume
Formulation

v

Regularization
(3D convs)

Projection

3D Point Cloud

Cost Volume

30



Multi-View Stereo
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Deep learning for monocular depth estimation

input image

depth CNN

depth image (output)
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Depth Cameras
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